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Production of Am243 and Cm244 in PWRs in the open and closed 

U-Pu fuel cycles 

Introduction 

The neutron flux in the reactor core produces a built-up of 

Pu isotopes and higher actinides. The first may be used for en

richment of recycle fuel. Some of the important nuclear reac

tions are depicted in Fig. 1. The long-living isotope Am243 

and Cm244 are of special concern for waste management and final 

disposal. They have to be considered as sources for sizeable 

quantities of Pu239 and Pu240. 

Obviously the built-up of the transplutonium isotopes is higher 

when starting with MOX fuel than with uranium fuel. Measured 

isotopic compositions of high burnup U- and MOX-fuel contain 

much less Am243 and Cm244 as predicted by ORIGEN calculations. 

At any time after fuel discharge this would result in an increase 

of the Pu content of the throw-away once-through fuel utilization 

in comparison to the Pu-recycle one. 

Experimental qualification of ORIGEN 

Isotopic compositions of high burnup fuel for OBRIGHEIM power 

station (KWO) were computed with the ORIGEN version presently 

in use (ORNL-4628). 

Measurements of Pu- and trans-Pu nuclides have been conducted by 

the European Institute for Transuranium Elements (TUI), Karlsruhe 

on some reprocessed uranium fuel assemblies of KWO during an 

isotope correlation experiment in 1978. That fuel had an initial 

enrichment of 3.1 w/o U235 and was irradiated up to a mean burn-

up of 30 000 MWd/t. 9 MOX fuel rods containing 3.2 w/o Pufigs in 

natural uranium were reprocessed after a burnup of 35 000 MWd/t. 

That Pu has the typical composition of second generation Pu for 

recycling purposes. This fuel was also analysed by TUI. Control 

measurements on MOX fuel for isotopic concentration were conduct-
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The mass ratios of the ORIGEN calculations to the isotopic 

analyses can be used to qualify the library of the ORIGEN 

program. The deviations found are rather high for uranium 

fuel, but even twice as large for the MOX fuels investigated. 

Future actions 

The analysis of the deviations between calculations and 

measurements indicate that a number of effective cross-sections 

have to be improved. For resolving these discrepanc experi

ments are necessary starting with different fuel compositions, 

especially with Pu containing significant quantities of Pu241 

and Pu242. The irradiation of Pu of high burnups in PWRs was 

started in 1977 and should be succeeded by MOX fuel containing 

Pu typically for second generation Pu composition. 

The comparison with an improved ORIGEN version (ORIGEN-S) 

should be started as soon as it becomes available. This work 

has to be conducted in close connection with the core follow 

calculations applying more sophisticated spectral and 2-dim. 

burnup codes. 

The comparison should cover the nuclides Pu238 - Pu242, Am241 -

Am243 and Cm242 - Cm246. 

Conclusions 

The present program ORIGEN may be qualified for U- and MOX-fuel 

via "adjustments" to isotopic composition measurements. At 

present obviously the production of certain nuclides Am243 and 

Cm244, but also Am242m, Cm245 and Cm246, is overestimated by 

factors larger than 3. This perturbs especially the recycle 

mode results. It will yield further reductions of environmental 

impacts in comparison tc the throw-away fuel utilization. 
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